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ABSTRACT

The aim of this review paper is to give an overview of the development and implications of nano particles synthesis
which is an emerging field that covers a wide range of applications. It play a major role in the development of
innovative methods to produce new products to suitable existing production equipment and to reformulate new
material and chemicals with improved performance resulting in less consumption of energy and material and reduce
harm to the environment as well as environmental remediation. Nano catalyst is an expected to be fruitful areas
which are synthesized recently by different methods. Current applications and research into the use of Nano catalyst
in waste water management, textile, agriculture, and medicine has also been reviewed.
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INTRODUCTION

Nano technology is a study of manipulation of amgtter in the range of Nano scaled size usuallytof1IDOnm.
Nano technology shall be a great thing iff' 2&ntury because advancement in science and tegynolmerous
studies have been under taken to synthesis andatbdaration of Nano particles. Evolution of Nameld leads to
tremendous growth in various areas such as foodagridulture, pharmaceutical, material science,tbahnology,
medicine, energy and environment.

The surface to volume ratio of Nano particles iséased compare than bulk materials with the samaosition
which leads to developing a material with enhanpeaperties and attributes such as catalytic agtiwtectrical
conductivity, hardness, mechanical strength, opficaperties, and melting point and antimicrobiffeets. The
reactivity of the surface initiates from quantumepbmena which can make NP unpredictable. Therefoother
hand, Nano particle had large functional surfa@aavhich is able to bind, adsorb and carry theratbenpounds.
This surface is more chemically active than finalague [1].

Nano particle characterization is necessary to nstaled and control the size of the Nano particlettsgsis and
application. Characterization could be done by dbemon methods, electron microscopy (TEM, SEM)méto
force microscopy (AFM), dynamic light scattering ®), x-ray photoelectron spectroscopy (XPS), X-ray
diffraction (XRD), Fourier transform infrared spextcopy (FTIR), UV-Vis spectroscopy, interferometand
nuclear magnetic resonance (NMR).

Commercialization of Nano technology is still afeimcy stage though the commercialization of a Nebnology
is a greater liability because the innovations @teacted but the reality about their goal couldidentified via
marketing. Much attention received by the acadasiniles where new programs are planned to acceléhnatrate
of innovation.

[I.SYNTHESIS OF NANO PARTICLES

Synthesis of Nano particles based on two approache®ly, top- down approach and bottom-up, basethisn
several methods have been developed.
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Fig 1. Flow sheet for methods of hano particles synthesis

Top down approach

It involves breaking down of large size bulk madkinto Nano size particles, could be done by niliattrition
process and electro explosion wire technique. & éggiick manufacturing process but requires moeggmn so it is
not suitable for large scale production. Anothevalrack of top down approach is imperfections ofaser structure
such defects have a significant impact on the ghysind other properties of Nano particles [2].

Cu Nano particles synthesized by the top down aggraf electro exploding wire (EEW) technique [B].this
technique copper plate is kept inside suitable oraduch as water, current approximately’#0'm? is applied to
the medium through the copper wire which leads &ting and evaporation of copper metal plate tagkte.
Evaporation of metal creates the plasma which hgdipersed in the media followed centrifugatiorseparate the
particles. Similarly [4] synthesized the silver Mdaparticles and analysis the structural propesigsh as XRD,
SEM, UV-Vis spectroscopy.

2-4 nm size of iron particle produced with aggloaterstructure using high energy ball mill undemnaemperature
followed by particle separation using sieve shaked the structure morphology was confirmed by higgolution
electron micro scope (HREM) [5]. They also postdathat high degree of deformation of material odcu
mechanical milling process due to repeated impattéen the ball and particles.

In Conventional milling process the heat generatiah be more as well as the particle agglomerataiso
happened, in order to avoid this wet milling metthad been developed by [6]. It is a popular methechuse of its
applicability and suitability can be applied fot kihd of materials. Optimize the parameters sushmdling time,
rotational velocity of agitator shaft, filling ratiof grinding media, flow velocity of circulationystem for
preparation of ZnO Nano particles using Taguchihoét Response Surface method and genetic algosproach

[7].
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Bottom up approach

Bottom approach refers to building of material fromolecule by molecule, atom by atom and clusteclogter.

During the assembling process physical forces qatim the Nano structure used to combine the pestiol to a
larger one. For synthesis of complex Nano strustukano technologist mostly prefer bottom up apgnodecause
the advantage of this approach is to precise cbofrgarticle size resulting good optical, elecicoand other
properties [8]. The common methods involved indotup approach as follows,

Sol gel method

The sol gel technique is well established techniiguesynthesis of colloidal Nano particles fromuid phase. The
main advantages of sol gel technique are versatity,temperature process and flexible rheologyvalg easy
shaping. Sol gel process is well suitable for sgsith of oxide Nano particles and composite NanodeowThe
most commonly used precursors are alkyl oxidestdubeir commercial availability and high accourilighof M-
OR bond allowing eloquent tailoring in situ duripgpcessing. The procedure involving sol gel techaigs follows

(91,

* Preparation of homogeneous solution by dissociatibmetal organic precursor in the organic solventin
organic salt solution.

» Transformation of precursor oxide in to a highlgss linked solid.

» Hydrolysis leads to sol, dispersion of colloidattfide in liquid done by suitable reagents (gengradater).

» Further condensation leads to gel, a rigid intemezted organic network.

TiO, based Nano particles synthesis is one of thedpit for the Nano technologist because of its walege of
applications in photo catalysis, shape memory adliogt solar cells. [10] elucidated the Agy Al Tisx011.6 Nano
particle produced by the sol gel technique hadlobshape morphology. XRD demonstrated that thieoodes or
atoms are arranged in the tetragonal lattice.

Zinc oxide Nano particles produced using zinc dblg zinc nitrate, sodium hydroxide as a precw$bi].NaOH
was dissolved in distilled water and heated t8C58nd 98C. Zinc Nitrate and Zinc Chloride were added toMa 1
concentrated NaOH solution for 26 minutes and 58ubeis. 2 full factorial designs were used to analyze the
optimum size of crystal formation. Particle was refaterized by XRD, HRTEM and UV-Vis spectroscopheT
results were concluded that small size crystalsadrtained by high temperature synthesis using zimoride
precursors. The spectroscopy study indicated thatstrong absorbance was found at 300nm, showiigthie
sample was photosensitive in UV region.

Co Precipitation

Co precipitation is a typical wet chemical processp called as solvent displacement method. Itwidsly used
method, due to simplicity, economic and reproduitibiMain constituents are need to prepare thed\particles
are polymer phase can be synthetic or natural,npatysolvent usually ethanol, acetone, hexane andsotvent
polymer. Nano particles are created by a rapicusidin of polymer solvent into a non solvent polyrpease by
mixing the polymer solution finally. Interfacialrision between two phases creates a maximum suafaeecould
leads to spontaneous precipitation of Nano pagicldow sheet for co precipitation technique armmmarized
below,

Anti microbial activity of CuO nano particles syaflized by precipitation technique using copper aeeand
sodium hydroxide as a precursors and reducing agsepectively. Characterization of particles carioeit by XRD,
TEM and EDS analysis. XRD reveals that Nano pasichre monoclinic crystal similarly EDS confirmdthtt
absence of impurities in the prepared copper oXiaeo particles [12].

Nano fluids are new variety of fluids in which Nasize material such as Nanoparticles, Nano tubepNibers,

Nano wire, and Nano rods in a base [13] The sartfoaproduced two types of zinc oxide (ZnO) nantipkes,

presence and absence of capping agents for anglggibehavior in Nano fluids. The experiment wasducted by
utilizing zinc nitrate, sodium hydroxide, starchdapoly vinyl-2pyrroledone which act as precursaesucing
agents, stabilizers and capping agents respectiVéaky following conclusion was made by researchées capped
ZnO nanoparticles were unagglomerate and had nedefme structure than uncapped nanoparticles.

Magnetite Nano particle play a vital role in mamgas such as magnetic drug target, magnetic resenaraging

for clinical diagnosis, recording material and tgga Co precipitation of magnetic & Nano particle had the
successful rate up to 99.7 [14].
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Inert Gas Condensation

The inert gas condensation (IGC) technique, in WwiN@no particles are formed via the evaporatioa afietallic
source in an inert gas, had been extensively wsedoduce fine Nano particles. Perhaps this metheekll suited
for manufacturing metal Nano particles, since nsetale vaporized at reasonable rate at attainabipe@ture.
Process for making of copper metal nanoparticlesammarized below,

» Metal is vaporized inside the chamber, into whichirgert gas typically argon or helium or neon isiggically
admitted.

» Once the atom is boil off immediately loss its gyety colliding of vaporized atom with inert gas.

e The vapor cooled by liquid nitrogen, to form nanicées in the range of 2-100nm.

Bimetallic Au/Pd Nano particles synthesized by higsize controlled inert gas condensation techniffitd. The
resultant Nano particles were analyzed by TEM, nspestroscopy, electron microscopy, atomic forcerasicopy,
and XRD to verify the geometry and distributionroétals. [16] done a research fammation of Cu and Si Nano
clusters by a sputtering or inert gas (Ar) aggregatype cluster source. The size of cluster wagrotled by the
operating parameters such as sputtering pressdrgaaaflow rate. The actual mean cluster size waspared with
theoretical mean cluster size. The end resulttitdsd that the peak cluster size was decreasddindteased Ar
gas flow rate, due to the time spent by the clustthin the agglomeration region decreases regyltifower size.

Green synthesis

Nano particles are produced by the physical andhated method need a longer time for synthesis ®rocyme this
kind of problem, recent development of Nano tecbgglis Green synthesis which use of biological esystike
plants and micro organism [17]. More over greertlsysis of Nano particle is an environmentally fdgnmethod
without any harmful and expensive chemicals [18]ntBesis of metal Nano particles using plant extrare
considered as a cost effective and hence used esoaomically viable method for large scale proauncfl9]. The
mechanism behind the formation of Nano particleplared by several researchers, they postulated kioa
reduction of Nano particles owing to numerous bioleaules (vitamins, amino acids, proteins, phenabds,
alkaloids, etc) in the plant and micro organismg][Phenolic acids are considered as a powerful aadants,
possess hydroxyl and carboxyl groups that are @blbind metals. The active hydrogen may respondibte
reduction of metal ions into formation of metal Naparticles [20]. The overview of green synthesiseasily
understand by the Fig 2, when precursor is addduktteaf extract it changes the color which intidae formation
of Nano catalyst.

i
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Nano catalyst
Fresh Leafextract Leafextract Stirring
feives + precursor

Fig 2. Green synthesis of Nano catalyst

Averrhoa bilimbiFruit Extract broth synthesized gold and silver dlgrrticles using the salt chloroauric acid and
silver nitrate respectively. Color change to yelland violet indicated that formation of silver agdld Nano
particles. The rate of formation of Nano particlesre slow at lower concentration of salt thus Iavéne
absorbance in UV spectrometer. They also sugg#stédilcohols, amines and phenols in the averrfipaldd fruit
might cause reduction and capping of Nano parti@&k

Another investigation demonstrated for ZnO Nanctipigss from Calotropis Gigantea leaf extract by][2Phe
synthesized particles were characterized by SEMrdeted the spherical shape of Nano particles vétlize of
10-15 nm and XRD study also revealed the size @MNhno particle. It was offered that rate of sysiheelated to
reaction temperature, high temperature allow fagtewth rate. More over increasing temperature deadsmall
size of Nano particles.

Stabilization of nano particles using microwavethgpis an emerging field of Nano particle syntkessold Nano
particles synthesized from Hibiscus rosa-sinersésds and also optimizing the parameters like tim@& micro
wave power have been performed by [23]. Finallyytkencluded that higher microwave power at loweneti
produce Nano particles at faster rate becausepad taniform heating. Anti microbial activity agatnsultiple drug
resistant bacteria by silver Nano particles weredpced from jamun leaf broth by utilizing silvertrate as a
precursor studied by [24].
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Plasma based synthesis

Plasma based synthesis was a well-establishedgzrdéaeproducing of thin films of Nano particleshid technique
involves the instigation of an arc by contactingagthode made of a target material. An igniter witesched to an
anode in order to generate a low-voltage, highenirself-sustaining arc. The arc ejected ions aatknal droplets
from a small area on the cathode. Further, the vomi® accelerated towards a substrate while amge Idroplets
were filtered out befor@eposition. This method successfully employed totlssis of nano size powders like
carbides, borides and oxides.

Thermal plasma technique had the following adveegdg5],

v" High temperature and high enthalpy vaporize anyeratvirtually
v High quench rate resulting homogeneous nucleation

v High throughput.

Synthesis of Ti@ Nano particles by thermal plasma technique usheg grecursors titanium metal power and
titanium hydride powder was reported [25] They d¢desed typical operating parameters arc voltage,carrent,
feed rate for metal/hydride powders, torch inputveo and various gaseous flow rate. The experimaeslits
indicated that lower input power to torch lowere thlasma temperature therefore incomplete conversias
indicated that dissociation of rapidly only at higdmperature. Thermo dynamic analysis for titanzarbide (TiC)
nanoparticles with an average size of 100 nm predidy thermal plasma technique [26]. They also Stigated
effects of feed rate and molar ratio on TiC powd@€isaracterization of powder was made by mean£M,EDX,
XRD and surface area analyzer.

Aerosol-Based synthesis

Aero sol based processes are widespread methddrfmr scale industrial production of Nano particlasro sol

defined as solid /liquid particle in gas phase,h#icle size up to 100 nm. It is a powerful rofge manufacturing
of Nano material of well defined morphology and mingal composition. Two types of aero sol based rigpre

such as spray pyrolysis and laser pyrolysis. lagpyrolysis method solution of precursors and cadpagents in
the organic solvent is sprayed in to the reactogrettaero sol solute condenses and solvent evagdeste Laser
pyrolysis technique in which laser beam heats tieeyrsors thus produce small, narrow and non agtgddNano
particles. [28] reviewed briefly about the genematbf nano particles by aero sol based technigdeitarexisting

and emerging applications. Aero-sol-gel techniquesfynthesis of Nano porous iron oxide particlemgidbatch

aero sol reactors investigated by [29]. They emgdiogol-gel reaction in aero sol phase, porosithefparticles was
characterized by TEM analysis and the size was2BIDam evidenced by SEM and differential mobilitabysis

(DMA).

1. APPLICATION OF NANO PARTICLES
An enormous amount of researches are still goingasious universities, colleges and laboratoriesiad the world
due to its numerous applications. Some of the agitins are detailed below,

Waste water Effluent treatment

An application of Nano technology in the field dfl@ent treatment is still under exploited. Nandatgst such as
TiO,, ZnO, MgO, CuO, etc involved in the photo catalyté&action, carried out in the presence of lightheT
researchers prefer Nano particles in Effluent tmeait, because the surface area to volume rati@ghehin Nano
particles which absorbs more energy from light tposduces more hydroxyl radical which oxidize thgamic
pollutants.[30] done a research on dye removalgusiay supported iron Nano particles. Iron Nandipas were
synthesis from green tea by green synthesis metisaty ferric chloride as a precursor. They congdethe
following operating variables such as initial dymcentration, P and dosage level. The results were concluded that
increasing the dosage level of clay supported mamticles and decreasing th@ lpads to increase the rate of dye
removal[31] studied the effect of manganese doped axide for m-cresol removal by photo degradatioethod
with artificial neural network (ANN) tool for pross optimization of irradiation time, dosage of ghhiano catalyst
and p'. Experimental results were illustrated that insieg the f increases the rate of removal &t maximum
efficiency achieved afterwards increasifiylpads to decreasing the removal efficiency andbitenum irradiation
time dosage level was 340 minute and 2g/l respelgtij32] reviewed detailed about the role of Naraialyst
applications in photo catalysis, activity of nan@atygst and enhancement of activity of Nano catalbystoupling,
doping, capping and sensitizirfglver nanoparticles composite by bio reduction psscusing ocimum tenuiflorum
(Black Tulsi) as a capping and reducing agents.oNaomposite was made with the help of sand fortingahe
textile dye turquoise blue [33]. Characterizatioaswmade by TEM, SEM and FTIR, the efficiency degead
increasing the temperature increases the rate efadgorption due to high mobility accompanied uotion of
retarding force acting on the dye. Similar work velme by [34] to treat acid green and blue FFS dyil via
chemically synthesized silver Nano patrticles, rieacivas carried out in the presence of visibletligh
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Food packaging

Nano technology in food packaging sectors was dedepow days due to its tangible benefits. Curgentiidely

used food packaging material made of plastic lj@ly ethylene, poly propylene, poly vinyl alcohetc which are
harmful and non bio degradable. Several studieaggoin to develop the bio polymer because it possesso
friendly properties but barrier properties are lmmpare than plastic. It could be done by addiltey finatrix, made
of Nano particles provides better interactions [3Bther development in Nano technology in food pagkg is

carbon Nano tubes which are cylinder structure W#éimo scale diameter. It improve the mechanicgbgrites [36].
Nano sensors are sensor being added to the pagkamiterial to detect the gases rise off from thedfashen its
spoiled as well as it prevent the permeation aadspiration of gases. For example the packagingnai with

silica Nano particles prevent oxygen penetraticidi@ the package at the same time stop the moisssdrom the
product [37]. Another important application is tkaxg of food by Nano technology is unexploited. thracking

system, Nano sensors are embedded in food as sizighips which produces electrical signal basethis fresh
food is tracked from paddock to factory to retaires. Food wrapped with smart safety packaging détects the
microbial spoilage.

Food processing

Potential impact of Nano technology in food progggds an emerging topic in the area of smart @éeihg of
nutrients, bio separation of proteins and Nano psdation of nutraceuticals. As the fundamental ponents of
food materials are vitamins, antimicrobial agerastioxidant and food additives such as colorartsjofants,
preservatives, etc. These components are compatitihefood attributes like color, taste, texturedashelf life.
Protection of these could be done by Nano encatisujaNano emulsion, etc. [38] done a researchrmagsulation
of fish oil by spray drying technique using maltatten combined with modified starch Hi-Cap and whaytein
concentrate (WPC) as a encapsulation agents. Eonulgs prepared by three methods silver sons, rfligdhzer
and ultrasound; they analyzed various parameteth s1$ emulsion size, powder size, powder moistung a
encapsulation efficiency for each emulsion metiRésults demonstrated that microfludization methostpced
very small size than other emulsification methodswell as another result was found that Hi-cap $arhpve
higher the emulsion size compared with WPC due ®CWossessed the both hydrophobic and hydropliiéie s
which lead to strong emulsion capabilities. Anotsterdy demonstrated that Nano encapsulated degigokiotics
bacterial cells in yoghurt improve the sustainekbase and immune enhancing effects in the gastestinal
system. Some food processing operation utilizes éhzyme to alter the characteristics of any coraptm
Immobilization of these enzymes on the Nano catalysan aid to disperse throughout the food medamd
enhance its activity. Triacylglycerol lipase enzymas covalently bonded on the Nano silicon dioxdeticles
which interesterified the olive oil with good sthtlyi adaptability, consistency and reusability [39

Medicine

Nano science and technology are currently have degaloped in the field of medicine for detectihg disease
such as cancer, atherosclerosis at early stagesiaeded drug delivery for a cell or tissue oficko Two important
aspects of Nano technology in drug delivery systeentime of drug release and specific targetindiséased cell
which improve the drug availability. Atherosclemsssociated with two targeted components fibrid #ssue
factor, can be detected by MRI using paramagnetind\particles targeted to the components, alterizite bi
layers with an aqueous fluid and produce an ultradcsignal based on the signal ,stage of the diseas found
[40]. Nano robotics employed in the field of Nanendstry for treating Dentin hyper sensitivity [4Dgntin hyper
sensitivity is a common condition of transient togtain due to tooth bleaching, tooth pathology éogs of
cementum on root surfaces. It could be preventedno robots which could precisely occlude the Bjpesites on
the teeth quickly and permanent within minutes. daturrence of musculoskeletal disorders owing @
population and other injuries, current treatmerbives use of orthopedic implants for fixing théeimal fractured
bones. Nano sized organic and mineral phases can b#ective and new bone material for implantatiecause it
has greater bone adhesion, durability and flexybilLarge surface to volume ratio which increades hone cell
interactions thus improves the orthopedic impldfitacy and minimize the patient compliance [42].

Antimicrobial activity

Metal Nano particles had anti microbial activityneTbactericidal effect of metal Nano particlesilaftied owing to
their small size as well as high surface to volumato, which allows them to interact closely withicnobial
membranes thus facilitates quick penetration ofamétano particles in to the cell and exclude theerimal
components of cell thus inactivate the micro orgamj43] made comparative study on antimicrobiab&f of
silver and copper oxide Nano particles for the aasistrains E.coli, B. subtilis and S. aureus ggeddisk diffusion
test was carried out to find the minimum inhibitagffect. Test results demonstrated that for E.c8li,aureus
inhibition silver Nano particle was superior whaecopper oxide nano particle had better actiomagB. subtilis.
Silver Nano particles synthesized from the fungest&otia had an anti bactericidal effect againshdn pathogens
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S. aureus and S. typhi which shown that silver Npadicles were a powerful potent antibacterialragegainst
both gram positive and gram negative bacteria.

Agriculture

Agriculture is a backbone of some of the countfiks India and China, the majority of national imee from
agricultural sector. But now a days this sectoefhbts of challenges due to climatic change, emvirental issue
like pesticide and fertilizer accumulation and unilzation. Nano technology revolutionizes the adtize field in
the part of absorbing nutrient, disease detectitisgase control and smart delivery system [44]futore nano
catalyst will available in the pesticide and férgk to increase its efficiency at lower dosageslavhich protects the
environment from high dose pesticides. [45] Studisel applications of silver nano particle (Ag NBc oxide
nano particle (ZnO NP) and titanium oxide nanoipr{(TiO NP) for the control of grasserie diseassilk worm
caused by the virus B.mori nuclear poly hedrosigsviand rice weevil in rice. For this study solid bssay was
prepared and kept in a box containing rice, aftdays 95% of morality achieved by use of silvermparticle than
other two. Similarly reduction efficiency was obsted in silk worm.

Textile

The use of nano technology in textile industry tisaating due to its distinctive and significanceerties [46].
Some of the properties are water repellence, weingsistance, anti bacterial, anti static and Udtqution. Water
repellence is imparted to the cotton material symp} coating of a nano plasma over on it [47]. Gamionally
wrinkle resistance done by resins but it leads e¢orelase in dye ability, tensile strength of fibrel aabrasion
resistance, could be prevented by titanium naralytand silica nano catalyst for cotton and sekpectively [48].

CONCLUSION

Nano catalyst provides an extremely attractivefptat in the Nano technology. In this review we eg® the Nano
catalyst synthesis by various method and its agidios in the food processing, packaging, medicimipacterial
activity and waste water effluent treatment, howetiese applications are at in an elementary stafje Research

in Nanotechnology is estimated to have a huge impacthe development of new catalysts. The detailed
understanding of Nanostructures and the abilitgaotrol size of materials will ensure a rationatl aost efficient
development of new and more capable catalyst.
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